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Abstract 


A  thorough  study  of  the  possibilities  of  using  COp  as  a  propellant 
in  guns  was  ma.de.  The  work  was  divided  into  two  phases:  (l)  the  use 
of  solid  C02  in  addition  to  Fiffi  powder  in  rifled  guns.  (2)  The  use  of 
liquid-vapor  COp  under  pressure  either  alone  or  with  a  heater  for  unrifled 
.guns.  In  the  first  case,  the  effect  of  the  addition  of  solid  COa  resulted 
mainly  in  the  reduction  of  the  muscle  velocity  -  even  more  than  if  an 
inert  material  had  been  used  instead  of  the  solid  C02»  In  the  second 
case,  the  heater  used  as  propellant  without  C02  gave  a  smoother,  more 
constant  pressure-time  curve  than  with  the  C02’~but  the  pressure-time 
curve  obtained  with  service  propellant  powder 'in  ether  guns  is  much 
smoother  then  any  obtained  in  those  firings. 
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.The  term  zoned  weapon  defines,  in  this  case,  a  howitzer 
which  propels  the  projectile' at' several  different  velocities, 
these  velocities  depending  upon  the  particular  charge  or 
weight  of  powder  used.  The  .purpose  of  firing  at  lower  than 
maximum  velocities  is  to  ret'  high  angle  fire,  which  results- 
in  high  angle  bursts,  and  also  to.  save  the  gun  from  excessive 
.erosion.-.  Thus  the  l05mia  Howitzer  has  seven  zones,  as  follows : 


Zone 

Gharge 

Velocity 

oz. 

f/s 

I 

1th  64 

650 

II 

12. 68  , 

710 

III 

.  15.14 

730 

T  f  - 

-  V 

18.60 

875 

V 

2A.14 

1020 

VI 

32.30 

1235 

VII 

46.30 

1550 

The  first  phase  of  the  C0o  program  consisted  of  .substitut¬ 
ing  equal  weights  of  solid  CO,, ''for  removed  organic  propellent 

powder .  The  organic  propellent  powder  was  the  service  smokeless, 
Flashless,  non-hy g r o s c o nie  type  of  propellant. 

The  two  howitzers  chosen  for  the  CO,,  firings  were  the  105mm . 
Howitzer  and  the  7 5 ram  Pack  Howitzer.  The  10.5mm  Howitzer  is  the 
most  important  weapon  used  by  the  Field  Artillery  in  the  present 
war.  It  fires  a  thirty- three  pound  projectile  for  a  range  of 
as  much  as  12,200  yards.  The  Pack  Howitzer  is  probably  the 
most  mobile  Field  Artillery  weapon  and  may  be  carried  over 
mountains  and  streams  on  pack  mules  or  on  snow  sleds. 


T no  results  obtained  in  these  two  howitzers  are 
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An  inspection  of  che&e  tables  shows  the  effect  of  the 
replacement  of  propellent"  powder  by  00-,.  The  first  two  rounds 

fired  in  the  105msn  Howitzer  were  with  a  total  charge  of  20 
ounces  of  the  service  powder ;  the  second  set  of  two  rounds 
(Kds.  3-4.)  were  also  with  20  ounces  of  total  charge,  but  of 
this  total  charge  four  ounces  were  pulverized  CC-,  and  sixteen 

were  service  powder.  The  velocity  dropped  from  the  955  f/s 
and  93b  f/s  obtained  on  the  first  two  rounds  (dels.  1-2)  to 
811  f/s  and  794  1/s  obtained  on  the  second  set  of  two  rounds 
(Eds.  7-4).  In  other  words,  substituting  4  oz.  of  C0o  for  four 

/x 

ounces  of  service  powder  resulted  in  a  drop  in  velocity  of  152  f/s 

The  next  two  rounds  (hds.  5-6)  were  fired  with  16  ounces 

of  servi  ce  powder  without  an '  00-,;  the  velocities  for  these  two 

<. 

rounds  were  616  and  343  f/s  or  an  average  of  8/2  f/s.  The  two 
rounds  with  4  oz .  of  GO,,  and  16  oz.  of  service  -powder  (hds.  ?~4) 

gave  a  velocity  lower  by. 29  f/s  than  the  two  rounds  (has .  5-6) 
without  any  00,,  and  with  16  oz.  of  service  powder.  Firing 

thirteen  ounces  of  service  powder  plus  seven  ounces  of  00. 

<;uvo  velocities  of  633  f/c  aid  635  f/s  while  a  charge  of  ~ 
li  ounce:.'  of  service  ao.vder  plus  nine  ounces  of  CO-  gave 

velocities  of  650  f/s  anu  643  f/s.  It  is  apparent  from  these 
results  .that  solid  C0-,  is  not  a  suitable  substitute  for  service 
propellent  powder  in  gun  firing. 

somewhat  ainil«r  results  were  obtained  in  the  75mm  ?ac4 
howitzer.  Fifteen  ounces  of  service  powder  gave  a  14.70  lb. 
projectile  a  velocity  of  12 48  f/s  (Hds.  1-2).  deducing  the 
powder  charge  by  four  ounces  and  firing,  the  14.70  lb.  projectile 
with  eleven  ounces  of  service  powder  plus  four  ounces  of  CO,. 
reduced  the  velocity  by  329  f/s  to  906  f/s  and  932  f/s  (lids':  3-4)  . 
Another  reduction  of  three  ounces  in  weight  of  service  powder 
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A  program  of  firing.1'  with  liquid  CO,.,  in.  a  specially 

constructed  gun  agreed  upon  at  a  conference  held  at  the 
Ballistic  research  Laboratory  on  February  2nd  la  attache 
As  outlined  in  this  program,  a  Cara  ox  mine  cartridge  v;as 
as  container  for  the  liquid-vapor  C0o. 


used 


The  gun  barrel  was  a  tube  2,!  in  inner  diameter,  4’'  in 
outer  diameter  and  10 1  b!!  in  length. 


A  gun  tube  length  cf  at  least  sixty  calibers  for  the  0,0 - 
Gun  was  specified  at  the  conference  held  at  the  Ballistic 
Research  Laboratory.  In  order  to  compare  the  length  of  this 
gun  with  the  lengths  of  the  two  howitzers  considered  . reviously, 
a  tabulation  of  lengths  is  given  below: 


Gun 

C0~  (2"  Bore).. 

xC 

75mm  Pack  Howitzer 


Travel 

61  calibers 
13  calibers 


10 5mm  Howitzer 


C  U..I  -L  lJ6£X‘  s 


It  is  evident  tnat  this  CCt,  gun  has  a  very  much  longer  travel  than 
any  gun  firing  at  about  same  velocity.  One  of  the  longest 

service. •guns  is  the  high  velocity  (3000  f/s)  4.7"  r..A.  gun; 
yet  this  gun  has  a  travel  of  only  53  calibers.  The  importance 
of  the  long  travel  length  lies  in  the  added  weight  and  added 
difficulty  of  manoeverability  and  of  elevation. 

The  insioe  of  the  gun  tube  was  reamed  to  a  smooth  finish 
in  the  shop  of  the  Ballistic  Research  Laboratory  under  tne 
immediate  supervision  of  the  Chief  Mechanic ,  Mr . . L .  E.  Bauer. 

A  special  contact  called  the  muzzle  contact  for  determining 
the  tine  when  the  projectile  left  the  muzzle  was  mounted  on  the 


if  for  mounting  the  Cardox  cartridge. 
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a  special  collar  v/hieh  fitted  over  tiie  Cardox  shell,  to 
obturate  the  gases  ait  the  joint  between  the  gun  tube  and 
the  Cardox  shell.  A  small  rubber  ring  designed  on  the 
’'nridgnjan  unsupported-area  principle1'  was  the  only  washer 
used  at  this  point. 

Five  inches  from  the  breech  face  a  piezo-electric  pressure 
.gage  was  mounted.  This  gage. consists  essentially  of  a  stack 
of  quartz  crystals,  the  .plahe;'  faces  of  •which  arc  cut  .perpendicular 
ly  to  their  electric  axis*  The  application  of  pressure  develops 
a  proportional  electro-static  charge  which,  after • amplification, 
may  be  recorded  as'  the  deflection  of"  an  electron  beam  by  a 
photographic  film  moving  on  a  revolving  drum.  In  this  way 
a  complete  pressure-time  curve  may  be  obtained. 

The  entire  gun  (barrel  plus  Cardox  shell)  v, -as  mounted  on 
a  heavy  wooden  slide  which  was  free  to  recoil  in  a  wooden  trpugh 
for  a  length  of.  about  three  feet.  Two  springs  were  placed  at 
this  distance  to  take  up  the  remaining  recoil  energy. 

•'notographs  and  a  sketch  of  the  gun  and  the  recording 
apparatus  are  attached. 


The  project lies  used  were  5 7mm  proof  projectiles  turned 
down  bo.  a  diameter  of  two  inches  ana  e  weight  of  5  lbs.  these 
projectiles  wore  machined  to  a  smooth  finish  and  their  fit  in 
the  gun  was  so  good  that  when  they  were  inserted  into  the  pun 
from  Che  muzzle  'end,  tiro  air  between  the  projectile  and  the 
breech  was  compressed. 

due  rounu  was  fired  using  CQ0  only  as  propellant  and  a 
To.  p  detonating  cap  to  brow  inn  ‘pressure  disc  in  the  car  tri-ire 
noth  pressure  and  velocity  were  too  low  to  be  measured  by  the 
available  apparatus  but  the  latter  may  be  estimated  from  the 
fact  that  the  slug  dropped  six  inches  in  30  feet,  which 
corresponds  to  a  velocity  of  about  200  f/s.  If  CO.,  alone  is 
used  as  propellant,  the  velocity  of  the  pro jectile-'Sili  no;  end 
"non  me  air  bom.ceraturs  since  the  velocity  depends  unon  the 
a/:  cp.  or  a  tin;  pressure  and  the  accelerating  pressure  is  the 
vn:.or  i  .  e saure  of  COp .  Thus  this  pressure  when  the  air 
tCi q.-frature  is  63°  F'*wi LI  bo  2.5  times  that,  when  the  air 
ton.  era  tore  is  20°F.  This  variation  in  pressure  cuser 

--  -  1-  -  - 1...,  x;i  turn  causes  a  variation  in 

ran  e  .  variation  in  range-  depending  upon  the  air  ten  per- atari 
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Pevcrai  rounds  were  fired  using  this  cartridge,  with  differenl 
sizes  of  heaters  with  the  following  results: 


Charge 


Max.  Pressure 


t-  fat  43') 


30. grams  heater 

+1.5  lb..  CO 2 

3290  ib/in2 

550  f 

110  •  '  r’  !! 

+1.7  !l  '• 

.  9360  ,r 

756 

110  .  4  . 

No.  C0o 

7130  ” 

.869 

110  "  !i 

It 

6520 

Lost 

Photostats  of  the  pres  sure- time  curves  of  these  rounds 
are  attached.  It  is  evident  from  a  study  of  these  records 
that  none  of  one  curves  has  characteristics  which  approximates 
the  advantageous  characteristics  claimed  for  C09  as  propellant: 

(i)  A  pressure- time  curve  having  a  very  gradual  rise 
which  would  not  subject  the  projectile  to  shock, 

(?.)  A  smooth,  constant  pressure- time  curve. 


Upon  the  suggestion  of  Mr.  homier,  two  rounds  were  fired 
with  the  heater  in  a  steel  tube  placed  well  to  the  front  of  the 
Carclox  shell  ,in  such  a  position  that  its  forward  end  was 
immediately  behind,  the  blow-out  disc,  and  ignition  was  effected 
at  the  forward  end.  In  the  firing  of  the  first  round  the  steel 
tube  was  shot  out  of  the  gun  and  a  small  blue  flash  was  observed 
at  the.  muzzle .  In  the  second  round,  the  steel  tube  was  flared 
so  that  it  was  held  in  place.  The  steel  tube  was . ruptured  for 
a  length  of  eight  inches  so  that  it  was  extremely  difficult  to 
remove  it  from  the  Card ox  cartridge.  Both  of  these  rounds 
were  Ignited  at  the  muzzle  end  of  the  heater  tube.  Below  are 
given  the  pressures  and  velocities  obtained  on  these  grounds. 


Charge 

o‘:  gn  neater  +  i.  ib.  C0o 


i  lit  >'i  otM'.1 


. . :>u  ic.  ot 


43 BO  lb/ in 2 
0460  lb/ in2 


locity  (at  43 1 ) 
646  f  /  s 


±  i 

436  f/ 


: or  comparison,  tuere  is  attached  a  pressure-time  curve 
.it  to  i  nod  in  a  Ip  O.m  ■  howitzer  firing  organic  propellent  powder . 

:  ...  .  4.1..  ..  <.x.s  .  ■  has  a  much  me.  .  ;;;  .  i..al  riSv.. 

f.iian  .-ny  of  the  curves  obtained  in  the  present  series  of  firing 


ft  me 


i.uuiiO -vapor  Cu,.  cannot  ce 


1  f r.out  a  Uio.v-Quf  pressure  : ise .  Such  an  arrangement 
a  oil  blew  on  .ho  base  of  the  project. Lie,  even 

"  0.1  .fov.  pro  sour..-  fisc  was  used.  One  one  occasion 

. a;,  ’ .  .  without  firing  and  it  was  f ound.  that 


the  blow-out  disc  was  bulged..  For.  safety  it  would  therefore 
.be  necessary  to  use  a  higher  pressure  blow-out  disc  with  a 
resultant  higher  initial  pressure  on  the  base  of  the. projectile. 

The  present  firings  were  all  made  with  the  gun  at  an 
elevation,  of  zero  degrees.  However,  the  results  obtained 
(pressure  and  velocity)  would  be  a  function  of  the  elevation 
of . the  tube>  since  the  elevation  determines,  the  position  of  the 
liquid  with  respect  to  the  heater.  'In  these  firings,  moving 

uggestion)  was 

r  t..  no  u  a 


!  c: 


'the  heater  with  respect  to  the  C02  (Hr.  Konner 

shown  to  affect  the  velocity.  This  feature,  too, 
desirable  one  for  a  service  beacon.  . 


Mention  should  be  made  of  the  weight  of  the  holder  for  the' 
■liquid  CO..  Since  it  is  necessary  to  withstand  a  pressure  up 
to  -10, 000 '“lb/ in2  the  cartridge  containing  the  liquid  C02  must 

be  fairly  substantial.  The  empty  Cardox  cylinder  used  weighs  . 
about  seventeen  pounds,  ■while  -the'  cartridge  case  and  powder 
for  the  75mm  Pack  Howitzer  weigh  only  about  three  pounds. 

If  solid  CO.  ’were  used,  the  transportation  problem  would 
be  quite  difficult.  The  solid  C0o  is  not  stable  at  atmospheric 
temperatures  and  the  evaporation  frouil  be  considerable  In  one 
day  unless  special  precautions  were  taken  to  cool  or  insulate 
the  container. 


This  report  i  s  cl  s  tud.y  of  firings  made  with  solid  CO...  and 
liquid  CO-,.  No  attempt  was  made  to  use  gaseous  C0o  intro- 

*  A- 

duced  into  a  cartridge  case  under  pressure.  The  difficulties 
of  obturating  such  a  system  (cartridge  case  and  projectile) 
are  obvious.  In  addition,  the  CO.,  would  be  definitely  inferior 

to  other  gases  since  it  is  a  triatcmic  molecule  with  a  molar  he 
greater  than  that  of  the  powder  gases.  It  follows  that  heat 
would  be  absorbed  in  heating  the  CO-  and. the  resultant  partial 
pressure  of  this  heated  CO-  would  be  less  than  the  reduction 

in  .pressure  of  the  powder  gases  due  to  the  heat  loot.  In  other 
words,  the  mixture  of  powder  gases  and  gaseous  CO.,  would  have 


a  manor  temperature  :o; 


the  corr^  rending  rressut' 


t,n  ■ 


powuer  t;.ases  without  the  CO,,  or  powder  gases  mixed  with 

(L. 

of  smaller  .-polar  neat  than  C0o. 

a! 

on': puts:  r ou:  • 


(l)  solid  CO., 
tl  function. 


idea  v.o  oropfexaent  covvaer 


r j.  o  i‘/uS  no 
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tne 


luia-varor  CO,,  alone  is  not  feasible  In  runr:  bee 

/r. 

u'siire  is  a  rus.  idly  varying  function  of  the  tern; 
this  result:,  in  Pit  velocity  and  the  range  botn 


■v  m-  i  unction; 


■y  v-v 
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t'l  U  bU; 


o  r 


'  (3)  Liquid-vapor  CQ?  plus  a  heater,  under  the  condition 
tried  out,  gives  a  pres sure -time  curve  considerably  steeper 
and  more  undular  than  propellent  powder. 
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The  undersigned  wish  to  express  their  appreciation  to 
Dt.  du  Mazuel  of  the  Office  of  the  Chief  of  Ordnance,  to  Mr. 
Monuer  of  the  Colorado  Research  Laboratories,  and  to  Dr.  Getz 
of  the  Cardox  Mine  Cartridge  Corporation  for  their  advice  and 
cooperation  in  the  coaipie tion  of  this  program. 


H  f- 


J.  H.  Frazer 
1st  Lt.,  Ord. 


Dept  .• . 


J.  R.  Lane 


COIFIDERTIAL 


PROGRAM  FOR  CO.  GUN 


On  February  2nd  af&er  the  f  iring  of  the  75mw  and  105iaa 
Howitzers  using  C02  in  addition  to  FNK  powder  as  propellant,  a 

conference  was  held ' in  Colonel  Simon’s  office  to  discuss  the 
further  applications  of  CO.,  to  ordnance.  Present  at.  the  con- 

«C  ■ 

ference  were  the  following:- 

Office  of  the  Chief  of  Ordnance;  Colt  Gerhard t,  Dr.  DuMazue 


Ballistic  Research  Laboratory: 

Cardox  Mine  Cartridge  Corp.  : 
Consultant: 


Col.  Simon,  Hr.  Kent, 
Lt.  Frazer,  Mr.  lane 
Dr .  Getz 
Hr.  Homier 


At  this  conference  a-  program  was  drawn  up  and  agreed  upon  by 
the  conferees  us  the  most  likely,  to  yield  results  upon  which  to 
judge  the  practicability  of  using  CO.,  as  a  propellant.  It  was 
agreed  by  everyone  that  the-  advantage'"' of  using  CO..  lay  in  the 
possibility  of  obtaining  a  constant  pressure-timi  curve.  In  order 
to  determine  whether  such  a  curve  is  obtained  the  following 
program  was  agreed  upon: 

(1)  If  feasible,  anu  immediately  available,  fire  a  round 

with  CO.  (liquid)  alone  bursting  a  blow-out  disc  either  mechanically 

or  by  a.  small  charge  of  high  explosive.  This  disc  to  be  placed 

between  the  CO.  container  and  the  gun  tube, 
a 

(2)  Fire  a  standard  Cardox  mine  cartilage  containing  CO. 
(liquid)  and  various  charges  of  the  potassium  perchlorate-charcoal 

heater.  Again  a  blow-out  pressure  disc  was  to  be  placed  between 
the  cardox  cylinder  and  the  gun  tube.  In  the  Cardox  cartridge 
tne  heater  is  placed  in  a  cardboard  tube  and  is  ignited  electrically 
by  a  match  in  the  rear  (breech)  end. 


■.event  x 


•one  ^nuzzle)  end. 


(2)  above  with  the  modification,  of  -lacin' 


tube 


ad  ;  uu. 


was  decided  that  a  2 11  I.D.  tube,  60 
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